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The aim of this paper is to analyse if the Arbirtrage Pricing Theory or the model suggested by Chen et al. (1986) can efficiently explain the variability of the cross-sectional returns on the Personal Pension Plans in Spain between [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] , as well as to find their sources of risks. To test both models we have followed the traditional two-step cross-sectional regressions by Fama and MacBeth (1973) . The results of our analysis show two significant risk factors derived from the fixed-income market: nonanticipated changes in the interest rate term structure and the default risk premium. Chen et al. (1986) Fama and MacBeth (1973) 
Este artigo analisa se o modelo APT ou o modelo sugerido por

podem explicar de maneira eficiente a variabilidade dos rendimentos de seção cruzada dos Planos de Pensões do Sistema Individual em Espanha durante 1995-2003, bem como determina quais são seus fatores de risco. A metodologia de contraste utilizada foi a proposta por
na versão de múltiplas variáveis explicativas. Os resultados da análise mostram dois fatores de risco relevantes derivados do mercado de renda fixa: mudanças não
INTRODUCTION
The wide criticism about the CAPM and the lack of unanimity shown by many studies related to it have led many authors to analyse and test a multifactor perspective of pricing models, in which there is not a single source of risk, but multiple. Their aim is to determine whether these models include, to a larger extent, risk factors related to portfolio or asset returns.
In this context, we have carried out the present study from a multifactor risk perspective and we have analysed multifactor pricing models in order to determine whether these models explain efficiently changes in cross-sectional returns on Personal Pension Plans in Spain and also to determine the risk factors relevant to their pricing.
In this line and as an alternative to the single-factor model, Ross (1976) created the APT model, lately developed and extended by Roll and Ross (1980) . The APT proposes that changes in any asset returns are related to systematic risk factors present in economy. Thus, the first empirical studies on APT have considered unobserved factors extracted from analysing asset returns through statistical techniques. On this basis, firstly, we have tested the validity of the APT model with unobserved factors for pricing Personal Pension Plans in Spain during the test period between 1995 and 2003 and we have identified the significant risk factors.
Moreover, other studies have also analysed a multifactor model, but with pre-specified variables, taking certain macroeconomic variables as possible systematic risk factors in asset returns. Therefore, in a second place and following this perspective, we have tested whether the model proposed by Chen et al. (1986) with five macroeconomic variables and the extended model, that includes the market return variable, offers a better approximation to risk factors in the pricing of Personal Pension Plans.
Our study has been structured in seven sections. After the introduction, in the second section, we have made a literature review regarding the application of multifactor models in asset pricing with unknown factors and macroeconomic variables. In the third section, we have described the sample and, in the fourth section, the applied testing methodology. In the fifth and sixth sections, we have shown the results obtained from testing the APT model and the model by Chen et al. (1986) respectively. Finally, in the seventh section, we have summarised our conclusions.
LITERATURE REVIEW
We can distinguish two different lines in the multifactor studies of financial asset pricing with systematic risk factors.
On the one hand, the studies which test the APT model proposed by Ross (1976) , and which use not pre-specified factors as explanatory variables extracted from statistical procedure.
On the other hand, studies that use pre-specified variables as explanatory factors, mainly of macroeconomic nature.
Among those authors who have tested the APT model in the USA Stock Market, we should point out Roll and Ross (1980 , p. 1086 ,1092 , who concluded that in asset pricing at least three of the factors extracted from factor analysis are significant and it is not likely to find more than four. Similar results have been found by Brown and Weinstein (1983, p. 734-735) . However, Cho et al. (1984, p. 1-2,5) have argued that the method used by Roll and Ross (1980) tends to overestimate the number of factors necessary in the return generating process an of those which influence the return in balance. Other authors have shown that the number of significant factors changes when increasing both the sample size and the sample test period. Among these authors, we find Kryzanowski and To (1983, p. 46-50) study for the New York Stock Exchange and the Toronto Stock Exchange; Dhrymes et al. (1984, p. 323-324) and Dhrymes et al. (1985, p. 660) for the USA Stock Market and Diacogiannis (1986, p. 502-503) 'study for the London Stock Exchange. Besides, Huang and Jo (1995, p. 987) have verified that the number of factors remains invariable and non-dependant on data periodicity and they have also pointed out that there is one or rather two significant factors.
It is important to point out that there is no unanimity in relation to the authors who have accepted or not the APT model in their different tests. Thus, the results obtained by Reinganum (1981, p. 319-320) did not seem to support the APT model. Likewise, Abeysekera and Mahajan (1987, p. 388) did not obtain any significant risk premium when testing the APT model in the London Stock Market. However, Chen (1983 Chen ( , p. 1393 Chen ( ,1397 gave evidence of the APT model and opposed to Reinganum (1981) 's proposal, verifying that in the USA market the APT model remains strong to inclusion of firm size and own variance, as these two variables did not show additional explanatory value. Besides, Bower et al. (1984 Bower et al. ( , p. 1041 have observe in the same market that the APT model offers a better sign of risk and also better estimates of the expected return than a single-factor model. Lehmann and Modest (1988, p. 251-253) have analysed that in the USA market the APT model prices with a small error most of the stocks.
In relation to studies that have applied the APT model in Spain, we have also observed diverse results. Thus, Bergés (1984, p. 114,156) has found that stock returns in the Stock Markets of Spain, USA and Canada behave consistently with the APT model, whereas no significant factors have been observed in the London Stock Market. However, Gómez-Bezares et al. (1994, p. 161 ) have found only a single significant risk factor: the market return. Jordán and García (2003, p. 33) have only accepted the APT model on Equity Mutual Funds, and have only identified some factors with the market portfolio and non-anticipated changes in the default risk premium.
As we can see, there are many authors who have based their studies in analysing and testing the APT model exclusively, while others have tried to discover the economic nature of the significant factors, trying to identify them. Among the last group, we should point out Beenstock and Chan (1988)'s study and Cheng (1995) The current controversy in relation to testing the APT model with non-observed factors to make a correct identification of such factors has led many authors to analyse a model with pre-specified macroeconomic variables. In this sense, we should point out Chen et al. (1986) 's study, which are the basis for new research applying the APT model with macroeconomic variables. Chen et al. (1986, p. 393-394,402) have specified some economic and financial variables, which convey systematic risk in the economy. After analysing them, they have tested whether these variables (monthly variation of industrial production, default risk premium, non-anticipated changes in the interest rate term structure, changes in expected inflation and unexpected inflation) can be considered as systematic risk factors in the stock pricing of the New York Stock Exchange. Likewise, they have also tested the model including, as a sixth variable, the market portfolio return estimated by means of a stock index, and the results remained the same. This study unveils that the three first variables mentioned before are significant risk factors in the stock pricing, while the variables related to inflation show weak significance. Bearing this in mind, the mentioned authors have concluded that stock returns are exposed to systematic economic news and are valued according to them.
Following this line, Burmeister and Wall (1986, p. 9,12) have found that stock values in the USA market are sensitive to each of these variables: default risk premium, non-anticipated changes in the interest rate term structure, unexpected inflation and unexpected grow in final real sales. These variables showed significant coefficients. However, Shanken and Weinstein (1990, p. 1) , when reproducing Chen et al. (1986) 's paper have observed that the only significant risk premium is the industrial production.
Likewise, Chang (1991, p. 384) has confirmed that when including the market variable in the multifactor model with macroeconomic variables, these variables lose their significance in favour of the market variable. Christoffersen et al. (2002, p. 345,359) have analysed and questioned the results obtained by Chen et al. (1986) , by measuring with final data determined macroeconomic variables, such as inflation and production, instead of measuring them with real term data, which are certainly available when economic expectations arise. Taking all of this into account, they have affirmed that the incorrect use of final data in the empirical tests could convey errors concerning the real significance of the economic news. Bin et al. (2003, p. 241) have discovered that the ADR return in the USA is sensitive to Stock Market turnovers in the corresponding foreign exchange and money markets and, finally, to international financial crises.
Besides, the pricing model with pre-specified macroeconomic variables has not only been tested in the USA market, but in others. Therefore, we should mention the papers of Priestley (1996) , Clare et al. (1997) and Antoniou et al. (1998) for the London Stock Market; Koutoulas and Kryzanowski (1996) 's for Canada; Clare and Priestley (1998)'s for Malaysia; Swoboda (2003)'s for the Stock Market of Buenos Aires, and Altay (2003)'s study for the German and Turkish Stock Markets.
Regarding the different studies carried out in Spain, we should mention Araguas (1991, p. 528-529) , who has observed that the economic sector sensibilities to industrial production, non-anticipated inflation, interest rate term structure and the default risk premium are coherent despite their small statistic significance. Another author, Rodríguez (2000, p. 20-22) , has shown that for the fixed income Mutual Funds in Spain the following variables are significant: the risk premium associated to the variable nonanticipated changes in the interest rate term structure and the return premium of the general index of the Stock Exchange of Madrid over the return of Government Bonds.
SAMPLE DESCRIPTION
In order to carry out the different analyses in this study, we have used the monthly return on Personal Pension Plans in Spain with a non-void equity security portfolio between 1995 and 2003. Data referring to liquidating value of Spanish Personal Pension Plans were obtained from information offered by the Asociación de Instituciones de Inversión Colectiva y Fondos de Pensiones (Association of Collective Investment Institutions and Pension Funds)
1 . The analysed sample is made of the set of Personal Pension Plans that have been kept throughout the whole period, belonging to different Funds. This way, the sample is composed for 87 Personal Pension Plans (17 equity and mixed equity Plans, 36 type II mixed fixed income Plans and 34 type I mixed fixed income Plans).
We have detailed the main variables taken as possible risk factors in this study, including their definition and the sources of the data we have used. They are the following:
• The real inflation has been obtained from the monthly variation expressed by units of the Retail Price Index (RPI). The chosen series is based in the year 2001 and was published by the Statistical Bulletin of the Bank of Spain.
• Changes in the expected inflation corresponding to the t-month have been calculated by the difference between the expected inflation 2 in the mentioned t-month and the corresponding to the previous t-1 month.
• The unexpected inflation in a certain t-month is determined as the difference between the real inflation and the expected inflation, both related to the t-month.
• Non-anticipated changes in the interest rate term structure are obtained through the difference between interest rates of long-term Government Bonds and up-to-three month Treasury Bills. Both series have been taken from the Statistical Bulletin of the Bank of Spain.
• The default risk premium has been calculated as the difference between the return on corporate debt and long-term Government Bonds. The corporate debt is approximated through the interest rate of corporate bonds over two years, negotiated in the AIAF market (Spanish fixed-income market). Both series have been extracted from the Statistical Bulletin of the Bank of Spain.
• The interest rate of repo operations on Treasury Bills to 3 and 6 months has been taken from the Statistical Bulletin of the Bank of Spain.
• The interest rate of repo operations on bonds to 1 and 6 months has been extracted from the Statistical Bulletin of the Bank of Spain.
• The monthly variation expressed in units of the Industrial Production Index (IPI). The selected series is based in the year 2000, and the Spanish Statistics National Institute, from which we have taken it, has corrected its calendar-effect.
• The monthly variation expressed in units of the Brent oil spot FOB price for Europe, published by the U.S. Department of Energy.
• Variation of the exchange rate between the euro and the dollar, measured through the Napierian coefficient logarithm between the exchange rate at the end of the t-month and the corresponding to the end of the previous t-1 month. This series has been taken from the Statistical Bulletin of the Bank of Spain.
• In addition to the mentioned macroeconomic variables, we have used as proxies of the market portfolio return the simple variation of the following indices: Madrid Stock Exchange General Index (IGBM) and the continuous Stock Market index IBEX-35.
TESTING METHODOLOGY
In order to test the APT model and the model proposed by Chen et al. (1986) we have followed the two-step methodology proposed by Fama and MacBeth (1973) . In the first step, we have estimated Personal Pension Plan betas or sensibilities to systematic risk factors.
The regression equation to make is the following:
Where r it , R F t , F jt and β ji are respectively the i-Personal Pension Plan return in the t-time (tmonth), the monthly interest rate of up-to three month Treasury Bill in the t-time, the value of the explanatory j-factor in the t-time and the i-sensibility of the Personal Pension Plan to the j-factor. These regressions are made for each month, using data corresponding to the 60 previous months and the method of Estimates Ordinary Least Square.
In the second step, we have tested the mentioned model through the adjustment of the Personal Pension Plan excess returns with the betas obtained in the first step. Therefore, for each month between January 2000 and December 2003, both months included, we have made a cross-sectional regression between the Personal Pension Plan excess return and the beta coefficients or sensibilities, previously estimated in the first step. The regression to make is the following:
Through the numbered cross-sectional regression, we have obtained the estimates of the constant term,λ 0t , and the risk premiumλ kt , corresponding to each of the k-factors. Subsequently, with the results obtained from cross-sectional regressions, we have made the statistic significance test of the average coefficientsλ 0 andλ k , that is to say, the constant term and the estimated risk premia, to verify if the analyzed pricing model is observed in the Personal Pension Plans. The hypotheses derived from these tests are the following:
and the expression of the used testing statistic:
The used statistic follows a Student t-distribution of (H − 1) degrees of freedom, where H is the number of months of the test period.
Thus, in order to correct possible variable estimating errors, which are derived from using in the cross-sectional regressions of estimations of sensibilities to factors as explanatory variables and not their own value, we have applied Shanken (1996) 's adjustment. This adjustment consists of multiplying the variance of each risk estimator,σ 
EMPIRICAL RESULTS OF TESTING THE APT MODEL
Before proceeding to extract the common factors from the set of Personal Pension Plan excess returns, and which we will use later on in testing the APT model, we have tested the viability of this procedure, that is to say, the factor analysis technique. We have studied the appropriateness of the factor analysis technique by analysing the characteristics of the correlation matrix of excess return on Personal Pension Plans and we have found satisfactory results with all the applied measures. These results are the following: significance of correlation coefficients of excess returns, a very small determinant of the correlation matrix, refusal of the void hypothesis of Barlett's test, high KMO index, small anti-image correlation coefficients and high MSA coefficients. All of this has led us to use the factor analysis technique for the extraction of common factors, so that these factors can explain to a larger extent the common variance of the return on Personal Pension Plans in Spain during the test period.
After analysing the viability of the factor analysis technique, we have applied the Principal Component method 3 to extract risk factors common to Personal Pension Plan returns. In the table 1 we have described the values of each of the factors obtained and also the proportion of the variance explained for each of them.
In order to select the common factors, which explained excess returns, to use in testing the APT pricing model on the Personal Pension Plans, we have followed two criteria. The Kaiser (1960, p. 145-146) 's criterion, which is widely used and consists of taking those factors with an eigenvalue over the unit. Likewise, we have also considered the percentage of the total variance, explained by each factor, to detect if there is any factor with enough relevance over the others. In this line, apart from the selection criterion mentioned before, and following Huang and Jo (1995, p. 998) , we have used an alternative criterion, which consists of establishing a determined value for the proportion of the cumulative total variance, explained by the necessary factors and the percentage of the variance explained by each factor and, therefore, we have stopped adding more factors to the model. In this case, we have set as a division point that each factor explains more than 3% of the total variance and the number of factors to be selected can explain at least between 79% and 80% of the total variance, following what Afifi and Clark observed in their study in 1990, where they proposed 80% as the reference percentage. In the table 1, the number of extracted factors is equal to seven, as it presents a value over the unit. Besides, we can observe that there is a dominant factor, which, almost on its own, explains most of the total variance, nearly 71 %, increasing this percentage up to 86% when considering all the selected factors. However, the number of factors to be selected in order to estimate and test the APT model varies depending on the criterion we use, therefore, we can distinguish two models. Thus, according to Kaiser (1960) 's criterion the model to be studied should contain the seven extracted factors (Model 1), while if we take into account that the first three factors explain nearly 79.13% of the total variance coinciding with the division point we have made, and that each of them explains more than 3% of the variance, these three factors would be the only ones to be included in the model (Model 2).
With the two return generating factor models we have obtained, we have tested the APT model. In the table 2 we show the results obtained from testing the APT model on the set of Personal Pension Plans and also the obtained values after having applied Shanken's adjustment (1996) . In this pricing model, the factors have not been pre-specified, therefore, in order to identify the significant factors, the factor 7 and the factor 3, and to determine the variables, which influence the variation of Personal Pension Plan return, we have made a statistical analysis of the correlation coef-ficients that can be found in the scores of these factors and other macroeconomic variables. In this analysis, the macroeconomic variables have been selected taking into account the main variables used in the empirical studies on testing multifactor pricing models and the characteristics of the Spanish market. These variables are shown in the table 3. Chen et al. (1986) , Burmeister and Wall (1986) , Chang (1991) , Fama and French (1993) , Rahman et al. (1998) , Rodríguez (2000) Short-term interest rates Araguas (1991), Cheng (1995) , Esteve (1996) , Groenewold and Fraser (1997) , Clare and Priestley (1998) , Altay (2003) and Jordán and García (2003) IPI variation, shifts in oil price Chen et al. (1986) , Chen and Jordan (1993) and Clare et al. (1997) Variations of exchange rates Chang (1991) , Connor (1995) , Esteve (1996) , Groenewold and Fraser (1997) and Altay (2003) The relation among the different variables we have used and the significant factors in the Model 1 and Model 2, the factor 7 and the factor 3, respectively, are shown in the table 4.
According to the values obtained from the correlation coefficients, we can observe that though in the Model 1 the factor 7 cannot be identified with only one single variable, we can point out that this factor comprises in the return generating process the effect of a set of variables, which are related to interest rates, as we have observed a relation over 30%, which is significant with variables indicating interest rates, whether in the long term, through fixed-income government or corporate securities, or in the short term, through repo operations. This result follows what Araguas (1991, p. 528) proposed in his analysis of the Spanish Stock Market. Besides, this not single identification of a determined factor has been observed in other studies, as in those by Kim and Wu (1987, p. 92) and Zhou (1999, p. 428) for the USA market.
However, in the Model 2 we have pointed out the importance of the market risk premium, as we have identified the factor 3 with the market portfolio excess return, as it is correlated to 64.81% and 65.61% with the market indices IBEX-35 and IGBM respectively. In fact, there are different authors who, on testing the APT model, have found that the market is a significant risk factor. Among these authors, we should mention Bergés (1984)'s study on the Spanish Stock Market and Jordán and García (2003)'s on Mutual Funds.
Taking into account that in testing the APT model on the set of Personal Pension Plans with the two return generating factor models, we have found only one significant factor, which is different in each model, and considering the results obtained from extracting factors, which show that risk factors explain a small percentage of the total variance, it seems necessary to continue our search for the risk factors significant in the pricing of Personal Pension Plans in Spain. 
TEST OF THE MODEL SUGGESTED BY CHEN ET AL. (1986)
In our search for other significant risk factors we have made the empirical testing of the model proposed by Chen et al. (1986) , where five macroeconomic variables are used: change in expected inflation (CEI), non-anticipated changes in the interest rate term structure (UTS), default risk premium (DRP) unexpected inflation (UI) and monthly variation of the industrial production index (CIPI). Moreover, a sixth variable has been included, the market return variable expressed in excess (IBEX or IGBM) , presenting the extended model of six factors. The average results of testing the model by Chen et al. (1986) applied to Personal Pension Plans in Spain are shown in the table 5.
From the table 5 we can observe that the intercept is significant and with negative sign, indicating that the constant term in the model does not coincide with the risk free asset return. 4 Moreover, regarding the significance of macroeconomic variables as possible risk factors in the model of five factors, firstly we have observed through the procedure of Ordinary Least Square that the risk premium, derived from non-anticipated changes in the interest rate term structure, and the default risk premium are significant at the 5% level. However, this result is relative because when we apply Shanken (1996) 's adjustment, these factors keep their significance, but only at the 10% level.
However, we have to point out that when including in the model the market risk premium, derived from IBEX-35 or IGBM, the first factor, that is to say, the term spread, acquires more significance in such a way that when correcting its standard deviation by Shanken (1996) 's adjustment, this premium turns to be a risk factor significant at the 5% level in the pricing of Personal Pension Plan return. Therefore, though the market risk premium is not significant, taking it into consideration improves the effects derived from non-anticipated changes in the interest rate term structure. In addition to this, we have to highlight that the obtained results do not seem to be affected by the market index we have used, as these results are similar to the used proxies, that is to say, the selective index and the general index. Likewise, we have to point out that the sign of the relation found between the significant risk factors and the Personal Pension Plan excess return is consistent with what observed in other studies and with the macroeconomic situation in Spain during the test period.
In this sense, we should indicate that the significant negative sign of the variable related to nonanticipated changes in the interest rate term structure shows that a significant risk factor on the Pension Plan return is the term spread, which is negative in this case due to high uncertainty in the market during the last years.
5 Moreover, the difference of rates between operations of different maturity provokes uncertainty about the asset maturity, in which investments are to be made, and the portfolio distribution and, therefore, its final return, which in the case of Pension Plans means a negative pricing. Chen et al. (1986, p. 395) have obtained a similar result in their study for the USA Stock Market and commented that such negative pricing is due to the fact that those who want to protect their investments from a fall in the long-term real interest rates direct their investments towards assets which increase their value when this happens. Among the different authors who have found such influence of the mentioned factor, we should point out Chang (1991, p. 385 )'s analysis of the USA market, Araguas (1991, p. 528)'s study for the Spanish Stock Market and Rodríguez (2000, p. 21 )'s analysis of fixed-income Mutual Funds in Spain.
The positive default risk premium shows that in the pricing of the Personal Pension Plans a sig-nificant factor is given by the difference between the interest rates of the government debt and the corporate debt. Personal Pension Plans are intended to be saved from such risk by the mentioned factor. Chen et al. (1986 , p. 395), Chang (1991 and Araguas (1991, p. 528 ) have also obtained a positive default risk premium in their studies. Summing up and according to the obtained results, we can point out that for the analysed sample of Personal Pension Plans, two significant risk factors are observed and they are derived from nonanticipated changes in the interest rate term structure and the default risk premium.
CONCLUSIONS
The results of testing the APT model on the set of Personal Pension Plans in Spain show that there is a single significant risk factor at the 10% level. For this reason, we refuse the appropriateness of this model for pricing the Personal Pension Plans. The obtained results are independent of the criterion followed to extract the number of factors. However, the significant factor is different depending on the model used and, therefore, it is identified with a different economic and financial variable, with variables related to interest rates in a factor model and with the market portfolio return in the other model.
Notwithstanding, the results obtained from testing the model by Chen et al. (1986) show two significant risk factors derived from non-anticipated changes in the interest rate term structure and the default risk premium. Therefore, we should indicate that the risk factors in the Pension Plan return mainly seem to be derived from the fixed-income market rather than equity securities or any other macroeconomic variable. All of this is consistent with the Personal Pension Plan final purpose of saving for retirement and, therefore, with the conservative character which is common in their management, as Montlor and Tarrazón (1999, p. 56) indicated. These results are in the same line as those suggested by Fama and French (1993, p. 40) in their study on the pricing of bonds. These authors have observed that the bond return is dominated by the risk factors related to the maturity or non-anticipated changes in the interest rate term structure and the default risk premium. 
